Objective: To examine the effect of an intensive lifestyle weight loss intervention (ILI) compared to diabetes support and education (DSE) on changes in fitness and physical activity in the Look AHEAD trial. Design: Randomized clinical trial to compare a lifestyle intervention for weight loss with a DSE condition in individuals with type 2 diabetes. Subjects: Data from 4376 overweight or obese adults with type 2 diabetes (age ¼ 58.7±6.8 years, body mass index (BMI) ¼ 35.8 ± 5.8 kg/m 2 ) who completed 1 year of the Look AHEAD trial and had available fitness data were analyzed. Intervention: Subjects were randomly assigned to DSE or ILI. DSE received standard care plus three education sessions over the 1-year period. ILI included individual and group contact throughout the year, restriction in energy intake and 175 min per week of prescribed physical activity. Measurements: Fitness was assessed using a submaximal graded exercise test. Physical activity was assessed by questionnaire in a subset of 2221 subjects. Results: Change in fitness was statistically greater in ILI vs DSE after adjustment for baseline fitness (20.9 vs 5.7%; Po0.0001). Multivariate analysis showed that change in fitness was greater in overweight vs obese Class II and III (Po0.05). Physical activity increased by 892±1694 kcal per week in ILI vs 108±1254 kcal per week in DSE (Po0.01). Changes in fitness (r ¼ 0.41) and physical activity (r ¼ 0.42) were significantly correlated with weight loss (Po0.0001). Conclusions: The ILI was effective in increasing physical activity and improving cardiorespiratory fitness in overweight and obese individuals with type 2 diabetes. This effect may add to weight loss in improving metabolic control in patients in lifestyle intervention programs.
Introduction
Data from the 2003-2004 National Health and Nutrition Examination Survey indicate that more than 65% of adults in the United States are overweight (body mass index, BMI: 25.0-29.9 kg/m 2 ) or obese (BMIX30 kg m À2 ). 1 Overweight and obesity have been linked to numerous chronic diseases including cardiovascular disease (CVD), diabetes, several forms of cancer and musculoskeletal problems. 2, 3 This has resulted in obesity-related conditions accounting for approximately 7% of total health-care costs in the United States, and it is estimated that the direct and indirect cost of obesity is in excess of $117 billion annually. 4 The prevalence of type 2 diabetes is approaching 9% of the adult population in the United States, with excess body weight contributing to the current type 2 diabetes epidemic. 5 Physical inactivity and low levels of fitness have been shown to contribute to the onset of type 2 diabetes as well. 6, 7 Moreover, increased physical activity is considered to be important for the management of type 2 diabetes because it may assist with weight loss and impact insulin resistance and the management of blood glucose. 8 Finally, using data from a longitudinal prospective nonintervention study, Church et al. 9 reported that a low level of fitness was associated with an increase in CVD events in individuals with type 2 diabetes. However, data from randomized clinical trials confirming this finding are lacking.
The Look AHEAD Study is a multicenter clinical trial examining the effect of weight loss and fitness on CVD end points in individuals with type 2 diabetes. An important component of the Look AHEAD Study is that objective measures of fitness are obtained on approximately 5000 individuals randomized to participate in this study, providing a unique opportunity to examine the changes in fitness that can be achieved with an intensive lifestyle intervention (ILI). The findings reported herein expand on the 1-year outcomes from the Look AHEAD Study that have recently been reported, 10 and focus primarily on describing the observed changes in fitness and physical activity, along with demographic characteristics that appear to contribute to changes in fitness.
Methods

Subjects
A detailed description of the baseline characteristics of subjects in the Look AHEAD Study has previously been published. 11 For the purpose of this analysis, data from 4376 individuals who completed the assessment of fitness at baseline and 1 year were available. This represents 85.1% of the subjects recruited and randomized into the Look AHEAD Study. Of the 4376 included in this analysis, 59% were women and 36% were non-Caucasian. At baseline, subjects were 58.7 ± 6.8 years of age with a BMI of 35.8 ± 5.8 kg/m 2 . All subjects were diagnosed with type 2 diabetes mellitus, with mean duration of diabetes 6.7±4.5 years, and HbA1c level of 7.3±1.2%. Descriptive data are presented in Table 1 .
Intervention
Intensive lifestyle intervention. Specific details of the lifestyle intervention implemented in the Look AHEAD Study have been published previously. 11, 12 Briefly, for month 1-6 of the intervention participants attended weekly on-site treatment sessions that included group sessions and one individual meeting with their lifestyle counselor during each month. During months 7-12, participants attended two group meetings a month, one individual session and one motivational campaign to promote adherence to the recommended weight loss behaviors. The focus of the group and individual intervention sessions was to implement behavioral strategies related to eating and physical activity with the goal of achieving and maintaining weight loss. 12 Participants in the ILI group continued to receive their general medical care and treatment for diabetes from their personal physician. However, the intervention sites were permitted to make temporary reductions in medicines that could lead to hypoglycemia during periods of intensive weight loss 
Females
Age at baseline GXT 58. 7 ± 6.8 (N ¼ 4376) 58. 8 ± 6.9 (N ¼ 2132) 59. 8 ± 6.8 (N ¼ 873) 58. 1 ± 6.9 (N ¼ 1259) 58. 6 ± 6.8 (N ¼ 2244) 59. 9 ± 6.7 (N ¼ 921) 57. 8 ± 6.7 (N ¼ 1323) 100. 5 ± 18.5 (N ¼ 2132) 108. 4 ± 17.6 (N ¼ 873) 95.0 ± 17.1 (N ¼ 1259) 100. 3 ± 19.5 (N ¼ 2244) 108. 6 ± 19.1 (N ¼ 921) 94. 5 ± 17.5 (N ¼ 1323) 0.74 Diabetes duration 6.7 ± 6.5 (N ¼ 4316)
Waist circumference 113. 7 ± 13.9 (N ¼ 4370) 113. 7 ± 13.5 (N ¼ 2129) 117. 9 ± 12.7 (N ¼ 871) 110. 8 ± 13.2 (N ¼ 1258) 113. 6 ± 14.2 (N ¼ 2241) 118. 3 ± 13.9 (N ¼ 918) 110. 4 ± 13.6 (N ¼ 1323) 
0.81
Baseline maximum METs
Abbreviations: BMI, body mass index; DSE, diabetes support and education; ILI, intensive lifestyle intervention; MET, metabolic equivalent. a P-value represents the difference between DSE and ILI for overall subject comparisons. b Using the criteria for determining the change in fitness from baseline to 1 year.
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Dietary intervention Participants were instructed to reduce their energy and dietary fat intake. 12 Energy intake was prescribed at 1200-1800 kcal per day depending on body weight. Dietary fat intake was prescribed at o30% of total energy intake, with o10% consumed as saturated fat. During the first 16 weeks, a portion-controlled meal plan was prescribed that included replacement of two meals per day (typically breakfast and lunch) with a prepackaged liquid shake or snack bar, a conventional evening meal and consumption of fruits and vegetables. The liquid shake and snack bars were provided at no cost to participants. After 16 weeks, the meal replacements provided to participants were reduced to one shake and one snack bar per day. Individuals who declined the use of the meal replacement options were provided detailed meal plans of conventional foods to consume for their daily meals.
Physical activity intervention Participants were instructed initially to increase their physical activity to at least 50 min per week, progressing to at least 175 min per week by week 26, with the intensity being moderate to vigorous (similar to brisk walking). Physical activity bouts of X10 min were counted toward the weekly activity goal, with resistance exercise permitted to count up to 25% of the weekly goal. The physical activity intervention relied primarily on homebased forms of activity. In addition, participants were encouraged to increase lifestyle forms of physical activity (using stairs rather than elevators, walking rather than riding and reducing use of labor-saving devices), and a pedometer was provided to each participant at week 7 to monitor daily steps.
Special treatment components The ILI included a toolbox of behavioral strategies that could be implemented for participants who were having difficulty adhering to the diet and exercise recommendations, or who did not meet minimal weight loss goals. Moreover, pharmacotherapy (Orlistat) was made available for individuals who failed to achieve minimal weight loss goals within the initial 6 months of the intervention, with 519 subjects started on Orlistat before their 1-year assessment. Details of the behavioral toolbox and pharmacotherapy options have previously been described in detail. 12 Diabetes support and education intervention. The diabetes support and education (DSE) intervention has previously been described in detail. 10, 11 Individuals randomly assigned to the DSE intervention did not receive the comprehensive components of a weight loss intervention as described above for ILI. Rather, DSE participants received general recommendations related to healthful eating and physical activity, and information related to safety of implementation of these recommendations for an individual with type 2 diabetes.
Participants attended an initial prerandomization diabetes education session and were invited to attend three additional group sessions, standardized across sites, during the first year that addressed topics related to diet, physical activity and social support. However, specific strategies to change diet or physical activity were not provided to DSE participants. Participants in the DSE group continued to receive their general medical care and treatment for diabetes from their personal physician.
Assessments
Demographic characteristics. Age, gender, ethnicity and duration of diabetes were assessed by questionnaire at baseline. HbA1c was assessed from a fasting blood sample by previously published standard methods at a central laboratory. 10, 11 Height, weight, body mass index and waist circumference. The standardized methods used to measure height, 10 weight, 10 BMI and waist circumference 13 have been described previously.
Cardiorespiratory fitness. A graded exercise treadmill test was used to assess cardiorespiratory fitness at baseline and after 1 year. Cardiorespiratory fitness was defined as the estimated metabolic equivalent (MET) level based on the treadmill workload (that is, speed and grade) 14 using the criteria explained in detail below of attaining 80% of maximal heart rate for participants not taking a b-blocker or the criteria of attaining a rating of 16 on the rating of perceived exertion (RPE) scale. Change in cardiorespiratory fitness was defined as the difference in estimated submaximal METs attained at 1 year and the submaximal METs attained at baseline using the same termination criteria of attaining either 80% of maximal heart rate or attaining a rating of 16 on the RPE scale.
Assessment procedures involved setting the speed of the treadmill at 1.5, 2.0, 2.5, 3.0, 3.5 or 4.0 m.p.h. for the baseline test based on preferred speed of the participant and heart rate response during the first minute of the test, and this speed remained constant throughout the test. The grade of the treadmill was initially set at 0% and increased by 1% at 1-min intervals throughout the test. Heart rate was assessed at rest, during the last 10 s of each exercise stage and at the point of test termination using a 12-lead electrocardiogram (ECG). RPE was assessed using the Borg 15-category scale (range is on a scale from 6 to 20) during the last 15 s of each stage and at the point of test termination. Blood pressure was assessed using a manual sphygmomanometer and stethoscope during the last 45 s of each even minute stage (for example, 2 and 4 min).
The baseline test was terminated at the point of volitional exhaustion or at the point where American College of Sports Medicine 14 test termination criteria were observed. A baseline test was considered valid if the maximal heart rate was X85% of age-predicted maximal heart rate (HR Max ¼ 220Àage)
Effects of ILI on fitness and physical activity JM Jakicic et al if the participant was not taking a b-adrenergic blocking medication (b-blocker). If the participant was taking a b-blocking medication, the baseline test was considered valid if RPE was X18 at the point of termination. Moreover, to be eligible for participation in the Look AHEAD Study the participant need to achieve X4 METs on the baseline graded exercise test, where one MET is equal to 3.5 ml kg À1 per min of oxygen uptake.
The test performed at the 1-year assessment to assess cardiorespiratory fitness was a submaximal test, and this test was performed at the same walking speed as the baseline assessment. This submaximal test was terminated at the time when the participant first achieved or exceeded 80% of agepredicted maximal heart rate (HR Max ¼ 220Àage) if the participant was not taking a b-blocker at either the baseline or 1-year assessment period. If the participant was taking a b-blocker at either the baseline or 1-year assessment then the submaximal test was terminated at the point when the participant first reported achieving or exceeding a rating of 16 on the RPE scale.
Leisure-time physical activity. Leisure-time physical activity (LTPA) was assessed on a subsample of approximately 50% of the participants at baseline and 1 year using the questionnaire developed for the Harvard Alumni Study. 15 Data were collected as part of a structured interview. Participants reported their activity over the past week that includes the average flights of stairs (10 steps ¼ 1 flight), number of city blocks walked (1 mile ¼ 12 blocks), and other sport, recreational or fitness activities. Energy expenditure in LTPA was computed based on previously published standardized scoring procedures. 15 
Statistical analysis
Analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA). PROC GLM was used to examine bivariate associations between percent change in fitness at 1 year compared to baseline with baseline characteristics including age, gender, race/ethnicity, insulin use, diabetes medication use, HbA1c, smoking status, metabolic syndrome, BMI and waist circumference. P-values were tabulated along with least-square (LS) means, standard error of the mean and P-values from models adjusting for baseline METs. Variables that were significant in the bivariate analysis, other factors shown to affect baseline fitness in earlier Look AHEAD analyses, 13 change in body weight and a variety of interaction effects were used to construct multivariate models using PROC GLM. Interactions of gender with each included variable were examined to determine if gender-specific multivariate models were necessary. LS means for treatment assignment were computed from the final multivariate model. Spearman's correlation coefficients were computed for 1-year weight change compared to 1-year percent fitness change and LTPA along with BMI compared to 1-year percent fitness change and LTPA both overall and by intervention assignment.
Results
The baseline demographic characteristics of the study participants are provided in Table 1 . Of the 5145 participants randomized (DSE ¼ 2575, ILI ¼ 2570), fitness data were available at both baseline and 1 year of 4376 participants (85% of the randomized subjects). The reasons for missing fitness data are presented in Figure 1 . Of the 159 who missed the 1-year visit, 95 were from DSE and 64 from ILI. A total of 47 participants did not complete the test due to medical reasons, with 35 from DSE and 12 from ILI. When compared to those who did not provide fitness data at 1 year (N ¼ 769), individuals with fitness data at 1 year (N ¼ 4376) had a higher baseline fitness level (6. Effects of ILI on fitness and physical activity JM Jakicic et al For individuals completing the assessment of fitness at both baseline and 1 year, weight loss was significantly greater in ILI (8.8 ± 8.1 kg, 8.7 ± 7 .7%) vs DSE (0.8 ± 4.9 kg, 1.0±4.7%) (Po0.0001). These results are similar to the weight loss difference at 1 year in the entire cohort (8.6 ± 6.9 and 0.7 ± 4.8%, for ILS and DSE, respectively).
Change in fitness
Bivariate analyses. The comparison for change in fitness between DSE and ILI is presented in Figure 2 . Data are presented as the percent change in fitness at 1 year compared to baseline. Change in fitness adjusted for baseline fitness was significantly greater in ILI compared to DSE (Po0.0001; Figure 2 ). Significant differences remained between DSE and ILI when analyzed separately for men and women (see Figure 2 ).
Data were analyzed to determine the influence of the test termination criteria on the observed changes in fitness. Examination of data for participants who were not taking medication (N ¼ 3329) that would affect heart rate revealed a significant improvement in unadjusted fitness in ILI (22.2 ± 30.4%, N ¼ 1687) compared to DSE (6.6 ± 22.5%, N ¼ 1642) (Po0.0001). A similar pattern of results was observed for analysis of fitness data for which the RPE termination criteria were used (N ¼ 1047) for ILI (16.7±24.2%, N ¼ 557) and DSE (3.3±20.1%, N ¼ 490) (Po0.001). Thus, the use of a b-blocker did not attenuate the difference for change in fitness between ILI and DSE.
Bivariate analyses adjusting for baseline fitness showed that individuals with a smaller waist circumference, younger age, being male or not having a prior history of CVD achieved significantly greater improvements in fitness. There was a trend for greater improvement in fitness individuals with a lower BMI (P ¼ 0.0628). Moreover, there was a significant ethnicity effect, with African American/black or American Indian/Native American/Alaskan Native having a lower change in fitness compared to other race categories. There were greater fitness improvements in individuals taking fewer diabetes medication, not taking insulin and having a lower HbA1c.
Multivariate analysis. A multivariate analysis was performed to examine factors that significantly contributed to the change in fitness observed in this study. Variables examined in the multivariate model included the factors examined in the bivariate analyses described above (treatment group assignment, BMI, waist circumference, age, gender, race, smoking status, presence of metabolic syndrome, CVD history, use of insulin, type of diabetes medication use, HbA1c level), other factors shown to affect baseline fitness in earlier Look AHEAD analyses, 13 change in weight and a variety of interaction effects. These variables are listed in Table 2 .
The results showed after adjustment for the significant variables within the multivariate analysis, percent fitness change for ILI was 5.06 greater than the fitness change for DSE. Higher baseline MET was associated with lower percent fitness change with the decline more prominent in women than in men as demonstrated by the significant baseline MET by gender interaction. Change in fitness was lower in individuals with higher levels of baseline BMI, with Obese Class II and III categories resulting in significantly lower improvement in fitness compared to the overweight category. A similar pattern was observed for the various levels of waist circumference, with percent change in fitness being less as at higher levels of baseline waist circumference in groups 3, 4 and 5 compared to group 1. For each year of age there was a significantly lower change in fitness. Moreover, individuals without a prior history of CVD had a 2.10% higher change in fitness compared to those with a prior history of CVD.
Data were reanalyzed using multiple imputation for missing fitness data and a similar pattern of results was observed (data not shown). 
Change in LTPA
Associations between change in fitness or physical activity and weight change
Correlation coefficients were computed to determine the association between change in both fitness and physical activity and change in measures of body weight. Results of these analyses are presented in Table 3 . Overall, there was a significant association between an increase in fitness and reduction in both body weight (r ¼ 0.42) and BMI (r ¼ 0.42) (Po0.0001). These data indicate that as fitness increased there was a corresponding decrease in body weight and BMI. A similar pattern was found for both DSE and ILI. In addition, although somewhat lower in magnitude, there was a significant correlation between an increase in physical activity and weight loss (r ¼ 0.36) and reduction in BMI (r ¼ 0.36) (Po0.0001). Again, a similar pattern was observed when data were analyzed separately for DSE and ILI. Fitness changes were analyzed with participants grouped based on percent weight change, baseline LTPA and 1-year LTPA ( Table 4 ). There was a significant increase for change in fitness with greater levels of weight loss (Po0.0001). There was no effect of baseline LPTA on change in fitness; however, there was a dose-response observed between change in fitness and 1-year LTPA (Po0.0001). Similar patterns were observed for both ILI and DSE.
Discussion
The ILI implemented in the Look AHEAD trial was effective in increasing physical activity, which contributed to both weight loss and improvement in cardiorespiratory fitness in [2] ote: A negative correlation coefficient reflects that a larger increase in fitness or physical activity is associated with a larger decrease in body weight or BMI. Effects of ILI on fitness and physical activity JM Jakicic et al overweight and obese individuals with type 2 diabetes. As shown in Figure 2 , data adjusted for baseline fitness revealed that percent change in fitness was approximately 15 points higher in ILI compared to DSE. This magnitude of change in fitness is similar to the change reported for individuals with type 2 diabetes in response to short-term exercise training. For example, Eriksen et al. 16 reported a 9-15% improvement in fitness in response to a 5-week exercise training program, and Lee et al. 17 reported a 20% improvement in response to a 13-week exercise program. A meta-analysis conducted by Boule et al. 18 concluded that the mean improvement in fitness resulting from exercise in individuals with type 2 diabetes is approximately 11%. Within the multivariate analysis that also adjusted for weight change (see Table 2 ), ILI resulted in a 5% greater improvement in fitness compared to DSE, which is similar to the 5% improvement reported by Middlebrooke et al. 19 It is important to note that fitness was measured by Middlebrooke et al. 19 using a cycle ergometer, whereas fitness in the Look AHEAD Study was measured using a motorized treadmill, yet similar changes in fitness were observed in these studies. The ability of ILI to increase fitness is important as this may result in improved health outcomes in these participants with type 2 diabetes. Church et al. 9 reported that higher levels of fitness were associated with a delayed onset of CVD events compared to lower levels of fitness in individuals with type 2 diabetes. Fitness in individuals with type 2 diabetes was approximately 14% higher in survivors of CVD mortality vs nonsurvivors across a mean follow-up period of 15.9±7.9 years, similar to the unadjusted 15 percentage point difference for improvement in fitness in ILI vs DSE in this study (see Figure 2 ). This is of importance for the Look AHEAD Study as the primary study question is to determine whether ILI results in lower CVD outcomes compared to DSE.
It should also be noted that there was an improvement in fitness in DSE. This may be due to some of the subjects randomized to the DSE intervention increasing their physical activity, which may have resulted in an improvement in fitness. As shown in Table 3 , there was a significant but modest correlation between change in physical activity and change in fitness in the DSE group. Moreover, as shown in Table 4 , subjects in DSE who reported higher physical activity at 1 year also had the greatest increases in fitness. Thus, these results suggest that some individuals may respond to a DSE intervention similar to the one implemented in this study, and this may result in improved physical activity and corresponding improved fitness. However, it is unclear from the analyses present here whether the observed improvement in fitness in DSE translated into improvements in diabetes control or CVD risk, and this warrants further investigation.
We observed an effect of ethnicity on change in fitness based on the bivariate analysis (Table 5) , with those identified as American Indian/Native American/Alaskan Native or African American/black having reduced changes in fitness compared to other represented ethnic groups. This may be a result of differences in the physiological response to exercise and weight loss, or possibly a result of differences in adoption of the lifestyle components of the ILI intervention. Further study to examine the factors contributing to this ethnicity effect is needed to understand this finding in the Look AHEAD Study.
Studies demonstrating that higher levels of fitness can have a significant impact on health-related outcomes independent of body weight 9, [20] [21] [22] have resulted in the belief Effects of ILI on fitness and physical activity JM Jakicic et al that interventions for overweight and obese adults should focus on improving fitness rather than weight loss per se. However, one must interpret these data with caution because of the limited inclusion of individuals with Class II (BMI: 35-39.9 kg/m 2 ) or Class III (BMI X40 kg/m 2 ) in these studies. 9, [20] [21] [22] For example, in the study of individuals with diabetes conducted by Church et al., 9 the authors identified the lack of subjects classified as Class II or III obesity as a Effects of ILI on fitness and physical activity JM Jakicic et al limitation of the study and cautioned about applying the findings to those individuals. The multivariate analysis of the current study showed that in fact the improvement in fitness is less in individuals with diabetes classified with Class II or III obesity compared to overweight individuals (see Table 2 ), with a trend toward a significant difference between Class I obesity and overweight individuals (P ¼ 0.055). A similar pattern is observed across quintiles of waist circumference. This may be a result of the patterns in physical activity differing between individuals of varying levels of BMI, which may include differences in the intensity of the physical activity performed, and this warrants further investigation. Thus, it is important to understand the challenges to improving fitness in individuals with severe obesity while still recognizing the potential that fitness gains can have on health-related outcomes, independent of body weight.
The results should be interpreted within the context of potential strengths and weaknesses of this study. Strengths of this study include the ability to recruit and prospectively assess fitness in a large cohort of individuals with type 2 diabetes, the randomized nature of the study design and the ability to objectively assess fitness in this cohort. Weaknesses may include the use of a submaximal rather than a maximal graded exercise test to assess the change in fitness and the subjective assessment of physical activity on a subsample of the subjects in this study.
In summary, an ILI involving both a reduction in energy intake and an increase in physical activity can result in significant weight loss and significant improvements in fitness at 1 year in overweight and obese adults with type 2 diabetes, and this increase is significantly greater than what is achieved with a DSE intervention. In addition, the observed change in fitness resulting from ILI remained significant even after adjusting for other factors that may influence fitness (see Table 2 and Figure 2 ). These findings are significant because of the potential impact of physical activity on weight loss and change in fitness, with change in fitness potentially having an independent effect on healthrelated outcomes and chronic disease risk factors. Thus, individuals with diabetes should be encouraged by physicians and other health-care professionals to engage in sufficient amounts of physical activity. The Look AHEAD Study is ongoing and will examine fitness following the fourth year of the intervention to further assess the longterm impact of ILI on weight loss, fitness and related clinical outcomes in these adults with type 2 diabetes.
